I n t r o d u c t i o n . -The n a t u r e of t h e e q u i l i b r i u m network d e s c r i b i n g t h e s t r u c t u r e of t h e good g l a s s formers GeX2
, where X = S and Se, h a s evoked p a r t i c u l a r r e c e n t interest. Most workers have described t h e s e chalcogenide g l a s s e s t o c o n s i s t of a chemically ordered continuous random network of Ge(XLJ4 u n i t s , a s was o r i g i n a l l y proposed by Zachariesen. However such s i m p l i s t i c s t r u c t u r a l models have been questioned on t h e b a s i s t h a t i n t e r a c t i o n s between chalcogen l o n e p a i r e l e c t r o n s should l e a d t o a m u l t i p l i c i t y of chemical bonding c o n f i g u r a t i o n s i n t h e s e m a t e r i a l s (1) . Recently i t has been suggested t h a t t h e s e g l a s s e s may a c t u a l l y cons i s t of p a r t i a l l y polymerized c a t i o n -r i c h (Ge-rich) and anion (chalcogen-rich) c l u s t e r s ( 2 ) . The p a r t i a l l y polymerized c l u s t e r (PPC) model (3) s p e c i f i c a l l y req u i r e s t h a t some like-atom bonds (homopolar) e x i s t s i n t h e network, i . e . t h e Ge and X chemical o r d e r of t h e g l a s s network b e i n t r i n s i c a l l y broken.
I n t h i s paper we p r e s e n t d i r e c t evidence f o r broken chalcogen chemical o r d e r i n t h e s e s t o i c h i o m e t r i c bulk g l a s s e s and show t h a t t h e s e r e s u l t s are. i n accord w i t h t h e PPC model. Experimental method.-We have probed t h e chalcogen s i t e i n b o t h g-GeSe2 and g-GeS2 using Nuclear Quadrupole I n t e r a c t i o n s (NQI). An important consequence of lonep a i r p e l e c t r o n s i n p n i c t i d e s and chalcogens i s t h a t t h e EFG i s s t r o n g l y c o r r e la t e d t o t h e l o c a l chemical c o o r d i n a t i o n and s e r v e s a s a v a l u a b l e probe of s h o r t range o r d e r . Since S and Se a r e n o t amenable t o N I measur ments, we have doped ' 3 (< % a t . %) t h e s e l a s s e s w i t h t h e i s o e l e c t r o n i c 5~e and e29?Ce i s o t o p e s and measured N Q I a t lzgTe and 1 2 9~ using Massbauer spectroscopy (4).
Glasses of GeSez-, Te, i n t h e range 1.20 2 x 2 0.005 and of GeSz-, Tex x = 0.005 were prepared s t a r t i n g from 99.9999% pure elements and s e a l i n g t h e s e i n evacuated (< 10-6 Torr) q u a r t z ampules (3mm d i a . ) , and slowly h e a t i n g t o 9 5 0 '~ f o r a n hour. The m e l t s (ca. 400 mg) were e q u i l i b r a t e d f o r 24 hours a t 9 0 0~~ b e f x e quenching i n cold water. The g l a s s e s possessed a w e l l defined T which was found t o i n c r e a s e w i t h x i n e x c e l l e n t agreement t o t h e work of S a r r a c f e t a 1 ( 3 ) . These Tg r e s u l t s suggest t h e absence of phase s e p a r a t i o n i n t h i s pseudobinary.
Mijssbauer s p e c t r a were taken (4) a t 4.2K using a c o n s t a n t a c c e l e r a t i o n d r i v e . 125sb d i f f u s e d i n Cu was used a s a source of monoenergetic 35.5 keV gamma r a y s i n t h e 1 2 5~8 experiments. Anhydrous Na 1291 was used a s a n absorber t o a n a l y s e t h e emission s p e c t r a of t h e 129m~e l a b e l l e d g l a s s e s .
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Ex e r i m e n t a l r e s u l t s . -1 2 5~e s p e c t r a of t h e g l a s s e s show p a r t i a l l y r e s o l v e d doubl e f s , which we a t t r i b u t e t o a quadrupole s p l i t t i n g (A) i n t h e 3/2+ l e v e l . By f i t t i n g t h e s p e c t r a t o two e q u a l l y i n t e n s e l i n e s , we have e x t r a c t e d a mean < A >, t h e compositional v a r i a t i o n of which shows a s t r i k i n g l y l a r g e i n c r e a s e from 7.6 mm/ s i n GeTe2 t o 10.8 mm/s i n GeSe2. I n I291 spectroscopy, presence of a unique NQI l e a d s t o a 1 2 l i n e p a t t e r n which was analysed keeping Q */Q f i x e d a t 1.238, t o y i e l d t h e quadrupole coupling ( e 2 q~) , n, and t h e isomer s h i f t ( 6 ) . Examples include t r i g o n a l Te (t-Te), amorphous Se (a-Se) and p l a s t i c S (p-S)(see Fig. 1 and Table 1 ) . I n t h e s e experiments, one measures t h e NQI a t 1291 formed from B decay of 1 2 g r n~e p a r e n t , and observes i n v a r i a b l y a s t a t i c i n t e r a c t i o n . Because of t h e narrow l i n e w i d t h (2Tn = 0.58 mm/s), one can r e s o l v e a t l e a s t two chemically ine q u i v a l e n t 1291 s i t e s i n t h e s p e c t r a of t h e pseudobinary g l a s s e s . T h i s i s shown i n Fig. 1 , where a q u a l i t a t i v e improvement i n t h e f i t t o t h e spectrum of g-GeSe2 r e s u l t s i n going from a one s i t e t o a two s i t e f i t . F u r t h e r , a decidedly s u p e r i o r f i t t o t h e s p e c t r a of t h e g l a s s e s r e s u l t s only i f a -ve s i g n i s chosen f o r e Z q~ a t both t h e sites. F i g s . 2 summarises t h e NQI r e s u l t s . The s i t e having a lower l e 2 q~l , which e x h i b i t s a weak dependence on x , w i l l h e n c e f o r t h be c a l l e d s i t e A.
The o t h e r s i t e , having t h e l a r g e r l e 2 q~l , which e x h i b i t s a sharp i n c r e a s e f o r x ( 0.4, w i l l h e n c e f o r t h be l a b e l l e d a s s i t e B. Discussion.-Both 1 2 5~e and 1 2 9~ s p e c t r a of t h e g l a s s e s a r e dominated by n u c l e a r quadrupole e f f e c t s and a r e suggestive of chemically i n e q u i v a l e n t Te s i t e s g i v i n g r i s e t o inequivalent I s i t e s . The s t r i k i n g l y l a r g e i n c r e a s e (-30%) i n < A > with Se c o n t e n t , which i s n o n -l i n e a r , i s a l r e a d y an important r e s u l t . This r e s u l t cannot be understood on t h e b a s i s of a chemically ordered network of corner s h a r i n g Ge(XQ4 u n i t s . Such a model of t h e g l a s s permits only one type of a Te s i t e , which is 2 f o l d coordinated t o Ge, and which remains inde endent of x. Because of t h e broad n a t u r a l l i n e w i d t h of t h e l 2 5~e resonance (21nP= 5 A) which a p p a r e n t l y dominate a s x + 0. These s i t e s on t h e o t h e r hand a r e c l e a r l y resolved i n t h e I291 experiments. Table   1 ) between g-GeS2 and g-GeSe2. The n of z 0.5 i s s u g g e s t i v e t h a t t h e r e i s s i g n i f ic a n t IT bonding of I t o i t s second neighbor Ge. And we b e l i e v e t h a t t h e small inc r e a s e (-. 12%) i n e2qq w i t h x f o r s i t e A, r e s u l t s from a reduced I-Ge a bond l e n g t h < r > i n a GeSe2 g l a s s , causing eq a r-3 t o be somewhat l a r g e r than i t s value i n a GeTe2 g l a s s . (Table 1 ) . One i s s t r u c k by t h e c l o s e s i m i l a r i t y of e 2 q~, 0 and 6 f o r t h e s e s i t e s , and on t h i s b a s i s , we i d e n t i f y s i t e B w i t h an I-Se a bond. It i s remarkable indeed, t h a t a n a l y s i s of t h e spectrum of g-GeS2 i n terms Table 1 l Z 9 1 N Q I parameters i n i n d i c a t e d h o s t s . of 2 s i t e s y i e l d s f o r s i t e B N Q I parameters t h a t a r e i n e x c e l l e n t agreement t o t h o s e known f o r p-S (Table I ) , thus s t r o n g l y suggesting t h a t t h i s s i t e l i k e w i s e r e p r e s e n t s an I-S a bond. I d e n t i f i c a t i o n of t h e s e s i t e s i s f u r t h e r supported by t h e 6 ' s which a r e lower f o r s i t e A i n r e l a t i o n t o s i t e B (Table 1 ) . W e suggest t h i s i s due t o a higher i o n i c i t y of t h e I-Ge bond compared t o I-Se bond, causing excess 5p charge t o be l o c a l i z e d on I, which lowers t h e n e t 5 s charge d e n s i t y (isomer s h i f t ) a t t h e 1291 nucleus by s h i e l d i n g a p a r t of it.
The -ve s i g n of eZqq seen a t t h e A and B s i t e s implies t h a t t h e s e s i t e s r e p r e s e n t I291 t h a t is a bonded t o a Se o r a Ge o r a Te n e a r neighbor i n a nomin a l l y one f o l d coordination (4) and f u r t h e r t h a t t h e 1 2 9 m~e p a r e n t i s 2-fold coord i n a t e d . T h i s i s m a n i f e s t a t i o n of a l o c a l bond rearrangement (4) t h a t occurs on t h e Te + I chemical transformation. One of t h e Te a bonds breaks and forms a lone p a i r while t h e o t h e r IT bond becomes an I o bond causing t h e d i r e c t i o n of eq t o f l i p by 90° and t o change i t s s i g n . From t h e weak x dependence of e2qq and constancy of both 0 and 6 a t s i t e A, we immediately recognize t h i s s i t e t o be an I-Ge a bond r e s u l t i n g from a two f o l d coordinated Te s i t e : Ge-Te-Ge. A s expected t h i s s i t e a l s o appears i n g-GeS2 a s revealed by t h e s i m i l a r i t y of s i t e A N Q I r e s u l t s (

I d e n t i f i c a t i o n of s i t e B, a t l e a s t f o r x + 0, i s made uniquely p o s s i b l e by c o n t r a s i n g N Q I r e s u l t s of t h i s s i t e w i t h t h o s e i n a-Se
The high i n t e n s i t y of B s i t e s (IB>>IA) i n both g-GeSe2 and g-GeS2 demonstrates t h a t t h e r e occurs a l a r g e f r a c t i o n of I-S o r I-Se bonds i n r e l a t i o n t o I-Ge bonds i n t h e s e g l a s s e s . Since Te a s a d i l u t e impurity i s expected t o r e p l a c e S o r Se i~'. t h e s e g l a s s e s , t h e d a t a imply t h e presence of Se-Se o r S-S homopolar bonds i n t r i ns i c t o t h e s t r u c t u r e of t h e s e g l a s s e s . This i s t o say t h a t t h e chemical o r d e r of t h e g l a s s network i s i n t r i n s i c a l l y broken about t h e chalcogen s i t e s . Within t h e context of t h e PPC model, t h e proposal of dimerited chalcogen c o n f i g u r a t i o n s on t h e edges of t h e o u t r i g g e r r a f t s (3) provide a n a t u r a l framework t o understand t h e o r i g i n of s i t e B as:~e-Te-Se(s) ( 3 ) . The I daughter formed from such a Te s i t e choeses c l e a r l y t o a bond w i t h i t s Se(S) r a t h e r than Ge neighbor and t h i s i s most l i k e l y due t o a l a r g e Van der Waals r e p u l s i v e i n t e r a c t i o n between non-bonded lone p a i r e l e c t r o n s (I-Se) which apparently overwhelm t h e i o n i c i n t e r a c t i o n between I-Ge.
I n d i c a t i o n s of s u b s t a n t i a l s t r u c t u r a l changes i n g-GeSe2 a s Se i s progressi v e l y replaced by Te become e v i d e n t from t h e s h a r p l y reduced b o t h e2qq and IB/IA near x = 0.2. Te, a s a d i l u t e impurity, a p p a r e n t l y h a s t h e l a r g e s t p r o b a b i l i t y of r e p l a c i n g Se i n t h e dimerised c o n f i g u r a t i o n where s t r a i n s due t o s u b s t i t u t i n g a l a r g e r atom can be more e a s i l y r e l i e v e d . J u s t i f i c a t i o n of t h e s e i d e a s come from a s t a t i s t i c a l model (6) which we have developed, and which reproduces t h e s t e e p x dependence of t h e r a t i o R = I B / I~ i n t h e range 0 < x < 0.4. F u r t h e r evidence f o r t h e d i s t i n c t i v e r o l e played by t h e p a r t i a l l y polymerized c l u s t e r s i n t h e glass-forming tendency which i s s t r o n g i n GeSe2 ( l a r g e Tx-Tg and weak i n GeTe2 (small T, -T ) i s a s follows. A l i n e a r e x t r a p o l a t i o n of t h e A-and g B-sites ~Z Q V and TI i n Flg. 1 f o r x > 1 shows t h a t t h e two s i t e s merge a s x + 2. This means t%zt t h e poor glass-former GeTe2 i s c l o s e t o being a COCRN. The same s i t u a t i o n a p p a r e n t l y p r e v a i l s w i t h t h e good (poor) glass-formers As2Se3(Te3) a s w e l l .
Conclusions.-We have d i s c u s s e d N Q I d a t a which demonstrate t h a t 1291 Massbauer emission spectroscopy using 1 2 9 m~e p a r e n t i s a novel and ~a r t i c u l a r l y s u c c e s s f u l t o o l f o r probing t h e atomic s t r u c t u r e of network g l a s s e s . We have shown d i r e c t l y and s p e c i f i c a l l y t h a t t h e chemical o r d e r i s i n t r i n s i c a l l y broken even i n s t o i c h i om e t r i c chalcogenide g l a s s e s . T h i s s p e c i f i c kind of broken t o p o l o g i c a l symmetry has been shown t o a r i s e from t h e formation of c l u s t e r s which c o r r e l a t e w e l l w i t h chemical t r e n d s i n t h e glass-forming tendency. According t o our d a t a , t h e s e c l u s t e r s provide a much more s u i t a b l e b a s i s f o r d e s c r i b i n g t h e atomic s t r u c t u r e of chalcogenide g l a s s e s t h a n does t h e t r a d i t i o n a l random network model ( 7 ) .
